Activation of MAP kinase kinase (MEK) and Ras by cholecystokinin in rat pancreatic acini.
Cholecystokinin (CCK) has recently been shown to activate mitogen-activated protein (MAP) kinase in rat pancreatic acini [Duan and Williams, Am. J. Physiol. 267 (Gastrointest. Liver Physiol. 30): G401-G408, 1994]. To evaluate the mechanism of MAP kinase activation, we studied the effects of CCK on MAP kinase kinase (MEK) in rat pancreatic acini. Two forms of MEK were identified by immunoblotting, using antibodies specific to MEK1 and MEK2. MEK activity in acinar extracts and after immunoprecipitation with anti-MEK was detected using a recombinant fusion protein, glutathione S-transferase-MAP kinase, as a substrate. MEK activity rapidly increased after stimulation of acini by CCK, with significant stimulation at 1 min and a maximal effect at 5 min, followed by a slow decline to slightly above control levels after 30 min. The threshold concentration of CCK was approximately 10 pM, and the maximal effect was induced by 1 nM CCK, which increased MEK activity by 120%. In addition to CCK, bombesin and carbachol, but not secretin or vasoactive intestinal peptide, enhanced MEK activity. Phorbol ester mimicked the effect of CCK, whereas ionomycin and thapsigargin failed to activate MEK. We further studied the activation of Ras, an important component leading to activation of MEK by growth factors. Ras in acini was immunoprecipitated and identified by Western blotting. CCK and 12-O-tetradecanoylphorbol-13-acetate stimulated the incorporation of GTP into Ras, a requirement for its activation, reaching a maximum at 10 min of approximately 120% over control. In conclusion, the activation of MAP kinase by CCK can be explained by activation of MEK and may involve the activation of Ras by a protein kinase C-dependent mechanism.